Higgs Couplings in NonCommutative Standard Model by Batebi, S. et al.
ar
X
iv
:1
41
0.
77
25
v1
  [
he
p-
ph
]  
28
 O
ct 
20
14
Higgs Couplings in NonCommutative
Standard Model
S. Batebi1, M. Haghighat2, S. Tizchang3 and H. Akafzadeh4
Department of Physics, Isfahan University of Technology, Isfahan 84156-83111, Iran
Abstract
We consider the Higgs and Yukawa parts of the Non-Commutative Standard
Model (NCSM). We explore the NC-action to give all Feynman rules for
couplings of the Higgs boson to electro-weak gauge fields and fermions.
1 Introduction
After discovery of the Higgs particle on 4 July 2012 at LHC [1], it is ten-
tatively confirmed to have zero spin and positive parity [2]. Nonetheless,
it is yet to be determined if the particle discovered is the prediction of the
Standard Model, or whether, as predicted by the other theories beyond the
SM. However, the observed properties of the Higgs boson, such as its mass,
couplings and decay rates, can constrain models beyond SM. In string the-
ory, which is a candidate for explaining gravity, the endpoints of an open
string on D-branes in a constant B-field background, live on a noncommuta-
tive space [3,4]. Therefore, noncommutative field theory (NCFT) appears as
a low-energy limit of open string theory with constant antisymmetric back-
ground field. The NC field theories and their phenomenological aspects have
been explored for many years [5]. There are two approaches to constructing
the gauge theories in NC-space. In the first one, the gauge group is restricted
to U(n) and the symmetry groups such as a SU(n) can be achieved by an
appropriate symmetry breaking [6]. In the second one, one can construct
directly a gauge theory based on a SU(n) gauge group-and consequently, the
standard model-in noncommutative space [7]. After introducing the Feyn-
man rules for the noncommutative standard model (NCSM) in [8] the phe-
nomenological aspects of NCSM have been considered by many authors [9].
Here we would like to complete the Feynman rules for the the Higgs and
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Yukawa sectors of the NCSM. In fact, in the both sectors there are many
new couplings for the Higgs boson with the other particles of the SM. These
new interactions lead to many new interesting decay and production modes
for the Higgs particle. Therefore, examining this part of NCSM can provide
new bounds on the noncommutative space-time.
In section 2 we give a brief review on the NCSM. In section 3 and 4,
Feynman rule for the Higgs and Yukawa part is derived, respectively. In
Section 5, we summarize our results and give concluding remarks.
2 NCSM
In noncommutative space-time coordinates are operators which in the canon-
ical version satisfy the following commutation relation
[xˆµ, xˆν ] = iθµν = i
Cµν
Λ2NC
, (1)
where Cµν is a real antisymmetric tensor and ΛNC is noncommutative scale.
According to the Weyl-Moyal correspondence, in a noncommutative field
theory the ordinary product between the fields should be replaced by the
star product which can be defined as [10]
(f ⋆ g)(x) = f(x) exp(
i
2
←−
∂µθ
µν−→∂ν)g(x). (2)
Using this correspondence, however, there are some problems to construct
non-Abelian gauge theories on noncommutative space. In noncommutative
QFT the field strength tensor is defined as follows
Fµν = [Dµ, Dν ]⋆ = ∂µAν − ∂νAµ − i[Aµ, Aν ]⋆, (3)
where the last term doesn’t vanish even in the Abelian U(1) gauge group.
In this framework the allowed particles have {0,±1} charges and quarks
with the fractional charges can not be accommodated in the model [11].
The second problem appears in the commutator of two infinitesimal gauge
transformations, Λ = ΛaT
a and Λ′ = Λ′bT
b, where [12, 13]
[Λ,Λ′] =
1
2
[T a, T b]{Λa(x),Λ′b(x)}⋆ + 1
2
{T a, T b}[Λa(x),Λ′b(x)]⋆. (4)
Non-vanishing anticommutator in the last term reproduce all the higher pow-
ers of the generators in a non-Abelian gauge group such as a SU(N). It seems
an enveloping algebra, consisting of all ordered tensor powers of the gener-
ators, can be a proper choice to solve this problem. Meanwhile, the infinite
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number of degrees of freedom of the NC-gauge parameters and fields can be
restricted demanding that they depend on the algebra-valued quantities and
their space-time derivatives only. This requirement, based on the equivalence
between ordinary and noncommutative gauge fields to any finite order in θµν
and the existence of the Seiberg-Witten map to all orders, leads to expan-
sions for matter field ψˆ, gauge parameters Λˆ, gauge fields Aˆµ and scalar field
φˆ as follows [4, 13]
ψ̂ = ψ +
1
2
θµνAν∂µψ +
i
8
θµν [Aµ, Aν ] +O(θ2), (5)
Âµ = Aµ +
1
4
θρν{Aν , (∂ρAµ − Fρµ)}+O(θ2),
Λ̂ = Λ +
1
4
θµν{Aν , ∂µΛ}+O(θ2),
φ̂ = φ+
1
2
θµνAν
(
∂µφ− i
2
(Aµφ− φA′µ)
)
+
1
2
θµν
(
∂µφ− i
2
(Aµφ− φA′µ)
)
A′ν +O(θ2),
where the scalar field can be transformed on the left and right under two
different gauge groups with the corresponding gauge fields A and A′.
Now the NC-standard model based on the gauge group SU(3)C×SU(2)L×
U(1), can be constructed in two steps:
1. Replacing the ordinary products and fields in the action of the stan-
dard model with the star products and the corresponding NC-fields,
respectively.
2. Substituting the noncommutative fields for each corresponding com-
mutative one via the Seiberg-Witten map given in (5).
The minimal NCSM based on the Seiberg-Witten maps has been introduced
in [7]. The action of noncommutative standard model can be separated into
four parts as
SNCSM = Sfermions + Sgauge + SHiggs + SYukawa . (6)
Meanwhile, the Feynman rules for Sfermions and Sgauge is fully introduced in [8].
In the next sections we explore the remaining parts to find the Feynman rules
for the Higgs interactions.
3
3 Higgs part of the NCSM action
The Higgs part of the NCSM action up to the first order of θ can be written
as follows [8]:
SHiggs =
∫
d4x
(
(DµΦ)
†(DµΦ)− µ2Φ†Φ− λ (Φ†Φ)2
)
+
1
2
θαβ
∫
d4xΦ†
(
Uαβ +U
†
αβ +
1
2
µ2Fαβ − 2iλΦ(DαΦ)†Dβ
)
Φ ,
(7)
where Dµ = ∂µ1− iVµ and Fµν = ∂µVν −∂νVµ− i[Vµ,Vν ] are the ordinary
covariant derivative and field strength tensor, respectively, and
Uαβ =
(←
∂µ + iVµ
)(
− ∂µVα ∂β − Vα∂µ∂β + ∂αVµ∂β
+ iVµVα∂β +
i
2
VαVβ∂µ +
i
2
∂µ(VαVβ)
+
1
2
VµVαVβ +
i
2
{Vα, ∂βVµ + Fβµ}
)
, (8)
in which 1 is a unit matrix and the gauge field Vµ = g
′AµYΦ1+ gBaµT aL can
be easily rewritten as
Vµ =
 g
′AµYΦ + gT3,φupB3µ
g√
2
W+µ
g√
2
W−µ g
′AµYΦ + gT3,φdownB3µ
 , (9)
where YΦ = 1/2, T3,φup = 1/2, T3,φdown = −1/2. Consequently, in terms of
the physical fields Zµ and Aµ,
Zµ =
−g′Aµ + gB3µ√
g2 + g′2
= − sin θWAµ + cos θWB3µ ,
Aµ =
gAµ + g′B3µ√
g2 + g′2
= cos θWAµ + sin θWB3µ , (10)
the diagonal components of the gauge field Vµ can be obtained as follows
V11,µ = eAµ +
g
2 cos θW
(1− 2 sin2 θW )Zµ ,
V22,µ = − g
2 cos θW
Zµ . (11)
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Meanwhile, the Higgs field in the unitary gauge is φ(x) = 1√
2
(
0
h(x) + v
)
,
where v =
√−µ2/λ is the Higgs vacuum expectation value and h(x) is the
physical Higgs field. Now the Higgs action (7), by using (8) to (11), can be
rewritten in terms of the physical fields to obtain all Lagrangian densities
containing the Higgs interactions with the gauge fields as follows
• – one Higgs 2 neutral gauge bosons, hZZ:
LhZZ = LSMhZZ +O(θ2). (12)
– 2 Higgs’s 2 neutral gauge bosons, hhZZ:
LhhZZ = LSMhhZZ +O(θ2). (13)
– 2 Higgs’s a neutral gauge boson, hhZ:
LhhZ = ( g
4 cos θw
)θαβ [−(∂µ∂µh)(∂βh)Zα
+(∂α∂
µh)(∂βh)Zµ + 2λv
2h(∂αh)Zβ ]. (14)
– 3 Higgs’s a neutral gauge boson, hhhZ:
LhhhZ = ( 3g
4 cos θw
)θαβλvh2(∂αh)Zβ. (15)
– 4 Higgs’s a neutral gauge boson, hhhhZ:
LhhhhZ = ( g
4 cos θw
)θαβλh3(∂αh)Zβ. (16)
– one Higgs 2 charged gauge bosons, hW+W−:
LhW+W− = g
2
2
vhW−µW+µ
+
ig2
8
vθαβ[−(∂βh)(W−µ(∂µW+α )−W+µ(∂µW−α )
−W−µ(∂αW+µ ) +W+µ(∂αW−µ ))− (∂µ∂βh)(W−µW+α
−W+µW−α ) + (∂µh)((∂µW−α )W+β − (∂µW+α )W−β )
+2λv2hW+α W
−
β ]. (17)
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– 2 Higgs’s 2 charged gauge bosons, hhW+W−:
LhhW+W− = g
2
4
h2W+µW−µ
+
ig2
8
θαβ [−h(∂βh)(W−µ(∂µW+α )−W+µ(∂µW−α )
−W−µ(∂αW+µ ) +W+µ(∂αW−µ ))
−h(∂µ∂βh)(W−µW+α −W+µW−α )
+h(∂µh)((∂µW
−
α )W
+
β − (∂µW+α )W−β )
+(∂µh)(∂βh)(W
−
µ W
+
α −W+µ W−α )
+(∂µh)(∂µh)W
−
α W
+
β + 5λv
2h2W+α W
−
β ]. (18)
– 3 Higgs’s 2 charged gauge bosons, hhhW+W−:
LhhhW+W− = ig
2
2
vλθαβh3W+α W
−
β . (19)
– 4 Higgs’s 2 charged gauge bosons, hhhhW+W−:
LhhhhW+W− = ig
2
8
λθαβh4W+α W
−
β . (20)
– one Higgs 2 charged gauge bosons one photon, hW+W−γ:
LhW+W−A = eg
2
8
vθαβ[(−(∂βh)Aµ
+2h(∂µAβ − ∂βAµ))(W−µ W+α +W+µ W−α )
+2h(∂βAα)W
+µW−µ ]. (21)
– 2 Higgs’s 2 charged gauge bosons one photon, hhW+W−γ:
LhhW+W−A = eg
2
8
θαβ[(−h(∂βh)Aµ
+h2(∂µAβ − ∂βAµ))(W−µ W+α +W+µ W−α )
+h2(∂βAα)W
+µW−µ ]. (22)
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– one Higgs 3 neutral gauge bosons, hZZZ:
LhZZZ = 1
16
(
g
cos θw
)3vθαβ [(∂βh)(Z
µZµZα)
+2hZµZα(2∂βZµ − ∂µZβ)]. (23)
– 2 Higgs’s 3 neutral gauge bosons, hhZZZ:
LhhZZZ = 1
16
(
g
cos θw
)3θαβ [h(∂βh)(Z
µZµZα)
+h2ZµZα(2∂βZµ − ∂µZβ)]. (24)
– one Higgs 2 charged gauge bosons one neutral gauge boson, hW+W−Z:
LhW+W−Z = g
3v
8cosθW
θαβ{(sin2θWZµ(W−µW+α +W+µW−α )
+ZαW
−µW+µ )(∂βh)
−h[Zµ(W+µ (∂βW−α ) +W−µ (∂βW+α ))
+(ZµW+α + ZαW
+µ)(∂µW
−
β − ∂βW−µ )
+(ZµW−α + ZαW
−µ)(∂µW
+
β − ∂βW+µ )
−cos2θW [(W+µW−α +W−µW+α )(∂µZβ − ∂βZµ)
+(∂βZα)W
+µW−µ ]]}. (25)
– 2 Higgs’s 2 charged gauge bosons one neutral gauge boson, hhW+W−Z:
LhhW+W−Z = g
3
8cosθW
θαβ{(sin2θWZµ(W−µW+α +W+µW−α )
+ZαW
−µW+µ )(h∂βh)
−h2[Zµ(W+µ (∂βW−α ) +W−µ (∂βW+α ))
+(ZµW+α + ZαW
+µ)(∂µW
−
β − ∂βW−µ )
+(ZµW−α + ZαW
−µ)(∂µW
+
β − ∂βW+µ )
−cos2θW [(W+µW−α +W−µW+α )(∂µZβ − ∂βZµ)
+(∂βZα)W
+µW−µ ]]}. (26)
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– one Higgs 2 charged gauge bosons one neutral gauge boson one
photon, hW+W−Zγ:
LhW+W−ZA = (− ievg
3
8 cos θw
)θαβh[2ZµAαW
−
µ W
+
β − 2ZµAαW+µ W−β
+2ZµAµW
−
β W
+
α + ZβAµW
−µW+α
−ZβAµW+µW−α ]. (27)
– 2 Higgs’s 2 charged gauge bosons one neutral gauge boson one
photon, hhW+W−Zγ:
LhhW+W−ZA = (− ieg
3
16 cos θw
)θαβh2[2ZµAαW
−
µ W
+
β − 2ZµAαW+µ W−β
+2ZµAµW
−
β W
+
α + ZβAµW
−µW+α
−ZβAµW+µW−α ]. (28)
– one Higgs 2 charged gauge bosons 2 neutral gauge bosons, hW+W−ZZ:
LhW+W−ZZ = −iv( g
2
4 cos θw
)2θαβh{(1− 2 sin2 θW )[−ZµZβW−µ W+α
+ZµZβW
−
α W
+
µ + 2Z
µZµW
−
β W
+
α ] + 3Z
µ[ZαW
−
µ W
+
β
+ZβW
−
α W
+
µ − ZµW−α W+β ]}. (29)
– 2 Higgs’s 2 charged gauge bosons 2 neutral gauge bosons, hhW+W−ZZ:
LhhW+W−ZZ = −i
2
(
g2
4 cos θw
)2θαβh2{(1− 2 sin2 θW )[−ZµZβW−µ W+α
+ZµZβW
−
α W
+
µ + 2Z
µZµW
−
β W
+
α ] + 3Z
µ[ZαW
−
µ W
+
β
+ZβW
−
α W
+
µ − ZµW−α W+β ]}. (30)
– one Higgs 4 charged gauge bosons, hW+W+W−W−:
LhW+W+W−W− = ig
4v
8
θαβh[W−µW+µ W
−
α W
+
β ]. (31)
– 2 Higgs’s 4 charged gauge bosons, hhW+W+W−W−:
LhhW+W+W−W− = ig
4
16
θαβh2[W−µW+µ W
−
α W
+
β ]. (32)
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3.1 Gauge Terms
In this subsection, we list Feynman rules for the NCSM Higgs-gauge
couplings up to the first order of θ. To derive the rules, it is assumed
that all particles momenta are incoming into the vertices.
Equation (14):
•
H(k)
H(k′)
Zρ
− MZ
2v
[(k′2kβ + k
2k′β)θ
βρ + k′αkβ(k
′ − k)ρθαβ −m2H(k′ + k)αθαρ], (33)
Equation (15):
•
H(k)
H(k′)
H(k′′)
Zρ
3
2
MZm
2
H
v2
θαρ[k + k′ + k′′]α, (34)
Equation (16):
•
H(k)
H(k′)
H(k′′)
H(k′′′)
Zρ 3
2
MZm
2
H
v3
θαρ[k + k′ + k′′ + k′′′]α, (35)
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Equation (17):
•
H(k)
W+γ (k1)
W−σ (k2)
M2W
2v
{4igσγ + k.(k1 + k2)θσγ + kβ(kγ2θσβ − kσ1 θγβ)
+kβ(k
γθσβ − kσθγβ) + kβ(k1 − k2)αgγσθαβ −m2Hθγσ},(36)
Equation (18):
•
H(k)
H(k′)
W+γ (k1)
W−σ (k2)
M2W
2v2
{4igσγ + (k′ − k)β [(k − k′)σθγβ − (k − k′)γθσβ ]
−kσ1 (k + k′)βθγβ + kγ2 (k + k′)βθσβ + (k + k′)β(k1 − k2)α
×gγσθαβ + [2k.k′ + (k + k′).(k1 + k2)]θσγ − 5m2Hθγσ},(37)
Equation (19):
•
H
H
H
W+γ
W−σ
6
m2HM
2
W
v3
θσγ , (38)
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Equation (20):
•
H
H
H
H
W+γ
W−σ
6
m2HM
2
W
v4
θσγ , (39)
Equation (21):
•
H(k)
W+γ (k1)
Aρ(k3)
W−σ (k2)
e
M2W
2v
{kβ(θβγgσρ + θβσgγρ) + 2(kγ3θσρ
+kσ3 θ
γρ) + 2k3β(θ
ρβgσγ + θβγgσρ + θβσgγρ)}, (40)
Equation (22):
•
H(k)
H(k′)
W+γ (k1)
Aρ(k3)
W−σ (k2)
e
M2W
2v2
{(k + k′)β(θβγgσρ + θβσgγρ) + 2(kγ3θσρ
+kσ3 θ
γρ) + 2k3β(θ
ρβgσγ + θβγgσρ + θβσgγρ)}, (41)
Equation (23):
•
H(k)
Zγ(k1)
Zσ(k2)
Zρ(k3)
M3Z
v2
{kβ(θρβgγσ + θσβgργ + θγβgρσ) + 2k1β(θρβgγσ + θσβgγρ)
+2k2β(θ
ρβgγσ + θγβgσρ) + 2k3β(θ
γβgσρ + θσβgργ)
+(k1 − k3)σθγρ + (k3 − k2)γθρσ + (k2 − k1)ρθσγ}, (42)
Equation (24):
•
H(k)
H(k′)
Zγ(k1)
Zσ(k2)
Zρ(k3)
M3Z
v3
{(k + k′)β(θρβgγσ + θσβgργ + θγβgρσ) + 2k1β(θρβgγσ + θσβgγρ)
+2k2β(θ
ρβgγσ + θγβgρσ) + 2k3β(θ
γβgρσ + θσβgργ)
+(k1 − k3)σθγρ + (k3 − k2)γθρσ + (k2 − k1)ρθσγ}, (43)
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Equation (25):
•
H(k)
W+γ (k1)
Zρ(k3)
W−σ (k2)
MZM
2
W
v2
{kβgγσθρβ + sin2θW (gσρθγβ + gγρθσβ)kβ − k2β
×(gγρθσβ − gσγθρβ − gρσθγβ) + k1β(gσγθρβ + gργθσβ
−gρσθγβ)− θγσ(k2 − k1)ρ + kσ1 θγρ + kγ2θσρ + cos2θW
×[kγ3θσρ + kσ3 θγρ + k3β(gγσθρβ − gσρθγβ − gργθσβ)]}, (44)
Equation (26):
•
H(k)
H(k′)
W+γ (k1)
Zρ(k3)
W−σ (k2)
MZM
2
W
v3
{(k + k′)β(gγσθρβ + sin2θW (gσρθγβ + gγρθσβ))− k2β
×(gγρθσβ − gσγθρβ − gρσθγβ) + k1β(gγσθρβ + gργθσβ − gρσθγβ)
−θγσ(k2 − k1)ρ + kγ2θσρ + kσ1 θγρ + cos2θW [kγ3θσρ + kσ3 θγρ
+k3β(g
γσθρβ − gσρθγβ − gργθσβ)]}, (45)
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Equation (27):
•
H
W+γ
Aτ
Zρ
W−σ
eMZM
2
W
v2
{2gσρθτγ + 2gγρθστ + 2gρτθγσ + gτσθγρ + gγτθρσ}, (46)
Equation (28):
•
H
H
W+γ
Aτ
Zρ
W−σ
eMZM
2
W
v3
{2gσρθτγ + 2gγρθστ + 2gρτθγσ + gτσθγρ + gγτθρσ}, (47)
Equation (29):
•
H
W+γ
W−σ
Zρ
Zτ
2
M2WM
2
Z
v3
{(1 + cos2 θW )(θτγgσρ + θστgγρ
+θργgστ + θσρgγτ ) + (1 + 4 cos2 θW )θ
γσgρτ}, (48)
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Equation (30):
•
H
H
W+γ
W−σ
Zρ
Zτ
2
M2WM
2
Z
v4
{(1 + cos2 θW )(θτγgσρ + θστgγρ
+θργgστ + θσρgγτ ) + (1 + 4 cos2 θW )θ
γσgρτ}, (49)
Equation (31):
•
H
W+γ
W+τ
W−ρ
W−σ
2M4W
v3
{gτσθγρ + gγσθτρ + gτρθγσ + gγρθτσ}, (50)
Equation (32):
•
H
H
W+γ
W+τ
W−ρ
W−σ
2M4W
v4
{gτσθγρ + gγσθτρ + gτρθγσ + gγρθτσ}. (51)
15
4 Yukawa part of the NCSM Action
In this section, we explore the Yukawa part of the NCSM-action up
to the first order of θ to derive all corresponding Feynman rules. The
Yukawa part of the action in terms of the physical fields is [8]:
Sψ, Yukawa =
∫
d4x
3∑
i,j=1
[
ψ¯
(i)
down
(
N
V (ij)
dd + γ5N
A(ij)
dd
)
ψ
(j)
down
+ψ¯(i)
up
(
NV (ij)uu + γ5N
A(ij)
uu
)
ψ(j)
up
+ψ¯(i)
up
(
C
V (ij)
ud + γ5C
A(ij)
ud
)
ψ
(j)
down
+ψ¯
(i)
down
(
C
V (ij)
du + γ5C
A(ij)
du
)
ψ(j)
up
]
. (52)
The neutral currents are:
N
V (ij)
dd = −M (ij)down
(
1 +
h
v
)
+N
V,θ(ij)
dd +O(θ2) ,
N
A(ij)
dd = N
A,θ(ij)
dd +O(θ2) ,
NV (ij)uu = −M (ij)up
(
1 +
h
v
)
+NV,θ(ij)uu +O(θ2) ,
NA(ij)uu = N
A,θ(ij)
uu +O(θ2) , (53)
where
N
V,θ(ij)
dd
= −1
2
θµνM
(ij)
down
{
i
(∂µh)
v
→
∂ ν
−
[
eQψdownAµ +
g
2 cos θW
(T3,ψdown,L − 2Qψdown sin2 θW )Zµ
]
(∂νh)
v
+
[
eQψdown(∂νAµ) +
g
2 cos θW
(T3,ψdown,L − 2Qψdown sin2 θW )(∂νZµ)
−i g
2
2
W+µ W
−
ν
](
1 +
h
v
)}
, (54)
N
A,θ(ij)
dd =
g
4 cos θW
T3,ψdown,L θ
µνM
(ij)
down
(
1 +
h
v
)
Zµ
×
[(←
∂ ν −
→
∂ ν
)
+ 2ieQψdownAν
]
, (55)
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and
N
V,θ(ij)
uu
N
A,θ(ij)
uu
}
=
{
N
V,θ(ij)
dd
N
A,θ(ij)
dd
(W+ ↔W−, down→ up). (56)
The charged currents are given by
C
V (ij)
ud = C
V,θ(ij)
ud +O(θ2) ,
C
A(ij)
ud = C
A,θ(ij)
ud +O(θ2) , (57)
where
C
V,θ(ij)
ud
= − g
4
√
2
θµν
(
1 +
h
v
){[(
(VfMdown)
(ij) + (MupVf)
(ij)
)
(∂νW
+
µ )
+
(
(VfMdown)
(ij)
→
∂ ν +(MupVf)
(ij)
←
∂ ν
)
W+µ
]
+ie
(
(VfMdown)
(ij)Qψup − (MupVf )(ij)Qψdown
)
AµW
+
ν
+i
g
cos θW
[
(VfMdown)
(ij)
(
2T3,ψup,L −Qψup sin2 θW
)
−(MupVf)(ij)
(
2T3,ψdown,L −Qψdown sin2 θW
)]
ZµW
+
ν
}
, (58)
and
C
A,θ(ij)
ud = C
V,θ(ij)
ud (Mup → −Mup) , (59)
while
C
V (ij)
du =
(
C
V (ij)
ud (
→
∂↔
←
∂ )
)†
,
C
A(ij)
du = −
(
C
A(ij)
ud (
→
∂↔
←
∂ )
)†
, (60)
where
→
∂ ρ (
←
∂ ρ ) denotes the partial derivative which acts only on the
fermion fields on its right (left) side:
∂ρψ ≡
→
∂ ρ ψ ∂ρψ ≡ ψ
←
∂ ρ . (61)
Now, the Yukawa-action (52) can be simplified to find all lagrangian
densities containing the Higgs couplings with fermions as follows:
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• – Higgs-Fermion-Antifermion:
Lhf¯f =
−mf
v
f¯(h +
i
2
θµν(∂µh)
→
∂ ν)f, (62)
– Higgs-Photon-Fermion-Antifermion:
Lhf¯fA =
eQfmf
2v
θµν [Aµ(∂νh)− h(∂νAµ)]f¯ f, (63)
– Higgs-Z boson-Fermion-Antifermion:
Lhf¯fZ =
gmf
4vcosθW
θµν [cV,fZµ(2(∂νh)f¯ f +
+h(∂ν f¯)f + h(∂νf)f¯) + γ
5cA,fh((∂ν f¯)f
−(∂νf)f¯)Zµ], (64)
– Higgs-Z boson-Photon-Fermion-Antifermion:
Lhf¯fZA =
ieγ5Qfgmf
2vcosθW
θµνcA,fhZµAν f¯ f, (65)
– Higgs-W+ boson-W− boson-Fermion-Antifermion:
Lhf¯fW+W− =
imfg
2
4v
θµνhff¯W+µ W
−
ν , (66)
– Higgs-W+ boson-d-u¯:
LhW+du¯ = − g
4
√
2v
θµνV ijf hu¯
i{(mdj +mui)
×(∂νW+µ ) + (mdj
→
∂ν +mui
←
∂ν)
×W+µ + γ5[(mdj −mui)(∂νW+µ )
+(mdj
→
∂ν −mui
←
∂ν)W
+
µ ]}dj , (67)
– Higgs-W− boson-u-d¯:
LhW−ud¯ = −
g
4
√
2v
θµνV ∗ijf d¯
j{(mdj +mui)
×(∂νW−µ ) + (mdj
←
∂ν +mui
→
∂ν)
×W−µ − γ5[(mdj −mui)(∂νW−µ )
+(mdj
←
∂ν −mui
→
∂ν)W
−
µ ]}hui, (68)
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– Higgs-W+ boson-photon-d-u¯:
LhW+Adu¯ = − ieg
4
√
2v
θµνV ijf u¯
i{(mdjQui −muiQdj )
+γ5(mdjQui +muiQdj )}AµW+ν hdj, (69)
– Higgs-W− boson-photon-u-d¯:
LhW−Aud¯ =
ieg
4
√
2v
θµνV ∗ijf d¯
j{(mdjQui −muiQdj )
−γ5(mdjQui +muiQdj )}AµW−ν hui,(70)
– Higgs-W+ boson-Z boson-d-u¯:
LhW+Zdu¯ = − ig
2
8
√
2vcosθW
θµνV ijf {mdj (3cA,f + cV,f)(1 + γ5)
−mfi(3cA,f + cV,f)(1− γ5)}u¯iZµW+ν hdj, (71)
– Higgs-W− boson-Z boson-u-d¯:
LhW−Zud¯ =
ig2
8
√
2vcosθW
θµνV ∗ijf {mdj (3cA,f + cV,f)(1− γ5)
−mui(3cA,f + cV,f)(1 + γ5)}d¯jZµW−ν hui, (72)
where u and d indicate {u, c, t} and {d, s, b}, respectively, and
cV,f = T3,fL − 2Qf sin2 θW ,
cA,f = T3,fL . (73)
4.1 Feynman Rules for Yukawa Terms
In this subsection, we list the Feynman rules for the Yukawa terms of
the NCSM action up to the first order of θ:
Equation (62):
•
f
f
H(k)
− imf
v
(1− i
2
θµνk
µkνin), (74)
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Equation (63):
•
f
Aµ(k
′)
f
H(k)
eQf
2v
mfθ
µν(k − k′)ν , (75)
Equation (64):
•
f
Zµ(k
′)
f
H(k)
mfMZ
2v2
θµν [cV,f(2k + kin − kout)ν − γ5cA,f(kin + kout)ν ], (76)
Equation (65):
•
f
Aν
Zµ
f
H − emfMZ
v2
QfcA,fγ5θ
µν , (77)
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Equation (66):
•
fu
W+µ
W−ν
fu
H
fd
W+µ
W−ν
fd
H
M2Wmf
v3
θµν , −M
2
Wmf
v3
θµν , (78)
Equation (67):
•
ui
W+µ (k
′)
dj
H(k)
− MW
2
√
2v2
V ijf θ
µν [m
f
j
d
(k′+kin)ν(1+γ5) +mf iu(k
′−kout)ν(1−γ5)],
(79)
Equation (68):
•
ui
W−µ (k
′)
dj
H(k)
− MW
2
√
2v2
V ∗ijf θ
µν [m
f
j
d
(k′− kout)ν(1− γ5)+mf iu(k′+ kin)ν(1+ γ5)],
(80)
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Equation (69):
•
dj
Aµ
W+ν
ui
H(k)
eMW
2
√
2v2
V ijf θ
µν [m
f
j
d
Qf iu(1 + γ5)−mf iuQfjd (1− γ5)], (81)
Equation (70):
•
ui
W−ν
Aµ
dj
H(k)
− eMW
2
√
2v2
V ∗ijf θ
µν [m
f
j
d
Qf iu(1− γ5)−mf iuQfjd (1 + γ5)], (82)
Equation (71):
•
dj
W+ν
Zµ
ui
H(k)
MZMW
2
√
2v3
V ijf θ
µν [m
f
j
d
(cV,f+3cA,f)u(1+γ5)−mf iu(cV,f+3cA,f)d(1−γ5)],
(83)
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Equation (72):
•
dj
W−ν
Zµ
ui
H(k)
−MZMW
2
√
2v3
V ∗ijf θ
µν [m
f
j
d
(cV,f+3cA,f)u(1−γ5)−mf iu(cV,f+3cA,f)d(1+γ5)],
(84)
5 Summery
We examined the Higgs and Yukawa parts of the NCSM-action to find
all the Higgs couplings with gauge and fermion fields, see (12)-(32) and
(62)-(72), respectively. We obtained the corresponding Feynman rules
as is given in (33)-(51) and (74)-(84). One can easily see that besides
the usual standard model interactions, there are new couplings be-
tween the Higgs and fermions and the electroweak gauge bosons such
as Zhh, Zhhh, Zhhhh, hhhW+W−, hγW+W−, hZW+W−, ZZZh,
hγZW+W−,..., from the Higgs part and hf¯fγ, hf¯fZ, hf¯fγZ, hf¯fW+W−,
hu¯dW+, hu¯dW+γ, hu¯dW+Z and so on from the Yukawa part. These
new vertices, if exist, lead to new production and decay channels that
will be very important to consider in LHC or the future ILC colliders.
For instance, in the decay of Higgs to four leptons, H → llll, which
is one of the main discovery channels for the Higgs boson [14], there
are new vertices in the NCSM such as hf¯fγ and hf¯fZ. Meanwhile, in
the NC space the Higgs can be produced through new channels such
as qq → WW ∗ → qqHγ, qq → WW ∗ → qqHZ, qq → ZZ∗ → qqHZ,
and so on.
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